A total of 1,201 finishing pigs (initially 63 lb) were used in a 99-d growth trial to evaluate the effects of increasing stocking density on finishing pig growth performance. Single-sex pens of barrows and gilts were blocked to minimize variation due to gender and barn location. There were 12 pens per block with 3 replication pens per treatment within each block. Pens of pigs were randomly allotted to 1 of 4 treatments with 12 pens per treatment. Treatments were stocking pens with 22, 24, 26, or 28 pigs each, allowing 8.2, 7.5, 6.9, and 6.4 ft2 per pig, respectively. Pens of pigs were weighed and feed intake was determined on d 0, 14, 28, 42, 56, 70, 84, and 99 to calculate ADG, ADFI, and F/G. Pigs were fed common diets throughout the trial. No adjustments were made at the pen level to account for space increases because of removed pigs. Overall, as stocking density increased, ADG and ADFI decreased (linear; P < 0.001), but there were no differences (linear; P = 0.99) in F/G. These performance differences resulted in off-test (d 99) pig weights decreasing (linear, P < 0.001) as stocking density increased. These data indicate that in this commercial barn, finisher pig ADG and ADFI improved as the number of pigs in each pen was reduced. However, based on an economic model, income over feed and facility cost per pig placed was numerically optimized when pens were stocked with 24 pigs each, allowing 7.5 ft2 of floor space per pig.; Swine Day, Summary A total of 1,201 finishing pigs (initially 63 lb) were used in a 99-d growth trial to evaluate the effects of increasing stocking density on finishing pig growth performance. Single-sex pens of barrows and gilts were blocked to minimize variation due to gender and barn location. There were 12 pens per block with 3 replication pens per treatment within each block. Pens of pigs were randomly allotted to 1 of 4 treatments with 12 pens per treatment. Treatments were stocking pens with 22, 24, 26, or 28 pigs each, allowing 8.2, 7.5, 6.9, and 6.4 ft 2 per pig, respectively. Pens of pigs were weighed and feed intake was determined on d 0, 14, 28, 42, 56, 70, 84, and 99 to calculate ADG, ADFI, and F/G. Pigs were fed common diets throughout the trial. No adjustments were made at the pen level to account for space increases because of removed pigs.
Introduction
Recommendations for finishing pig stocking density vary from approximately 6.0 to 9.0 ft 2 per pig, depending on factors to be optimized. Pig performance is improved with more space per pig, while facility cost per pig, economic return, and overall efficiency are likely to be improved with less space allowed. Other factors, including pig flow and facility availability, also affect practicality of achieving an optimum stocking density. A report by the National Pork Board indicated that, on average, swine operations stock pens at approximately 7.2 ft 2 per pig (2005 3 ). In the facilities used for this experiment, stocking 25 pigs per pen allowed 7.2 ft 2 per pig. Understanding the effects of different stocking densities on performance can aid pig flow decision-making and help producers maximize income by balancing fixed costs with effects on performance. The objective of this experiment was to determine the effects of different stocking densities (6.4, 6.9, 7.5, or 8.2 ft 2 per pig) on performance of finisher pigs.
Procedures
The Kansas State University (K-State) Institutional Animal Care and Use Committee approved procedures used in this study. This experiment was conducted in a standard, double-curtain-sided, research finishing barn in northeast Kansas. There was slatted concrete flooring throughout the barn. Pens were 10 × 18 ft and equipped with a single-sided dry, 3-hole, stainless steel feeder (AP-3WFS-QA; Automated Production Systems, Assumption, IL) and a dual swinging waterer (Trojan Plastic Waterswing; Trojan Specialty Products, Dodge City, KS), allowing pigs to have ad libitum access to feed and water. Each hole in the feeder was 14 inches long. The barn was equipped with an automated feeding system (FeedPro; Feedlogic Corp., Willmar, MN) to allow recording of feed delivery to individual pens.
A total of 1,201 pigs were used to determine the effects of increasing pen-stocking density of commercial finishing pigs. Pens were allotted to 1 of 4 stocking density treatments and gender assignment (barrow or gilt) to distribute treatments around the barn. Treatments were stocking pens with 22, 24, 26, or 28 pigs per pen, allowing 8.2, 7.5, 6.9, and 6.4 ft 2 per pig, respectively. A set of 12 pens constituted a generalized block to minimize variation due to gender and barn location. Although barrows and gilts were penned separately, gender was likely confounded with age: The 12 gilt pens contained pigs that may have been younger than the barrows in the remaining 36 pens.
Pens of pigs were double-stocked in a second barn on the research site before the trial began. At the start of the trial (d 0), pigs were moved from the second finisher barn to the trial barn. Within gender, multiple pens of pigs were allowed to mix within the alley of the second barn. After mixing, pigs were gate-cut by stocking density treatment into their trial pens. These procedures ensured that all trial pens had initial disruption of social order as well as a random assortment of pig weights. Pens of pigs were weighed and feed intake was determined on d 0 and every 2 wk thereafter until pigs were taken off test (d 99). Pigs were fed common diets throughout the trial. If a pig died or was removed because of illness or injury, no adjustment was made to the pen to account for the additional space per pig. For the overall trial, removed pigs by treatment (1.9%, 1.0%, 1.6%, and 1.5% for the 22, 24, 26, and 28 pigs per pen treatments, respectively) were within normal production criteria for this commercial system.
Data were analyzed as a generalized blocked design with stocking-density treatment as a fixed effect and block as a random effect using the GLIMMIX procedure in SAS (SAS Institute, Inc., Cary, NC). Pen was the experimental unit for an analysis. The effects of increasing stocking density on performance and economic response criteria were determined by linear and quadratic polynomial contrasts.
Results and Discussion
Stocking density did not affect (linear; P ≥ 0.20) ADG, ADFI, or F/G within the first 14 d of this trial (Table 1 ). In all subsequent periods, ADFI decreased (linear, P < 0.001) as stocking density increased, which led to a decrease (linear, P ≤ 0.02) in ADG in all periods except from d 56 to 70. Stocking density did not change feed efficiency except for a small linear improvement (P = 0.02), from d 56 to 70, as density increased.
Overall, as stocking density increased ADG and ADFI decreased (linear; P < 0.001), and F/G was not affected (linear; P = 0.99). On d 99, pig weights decreased (linear; P < 0.001) as stocking density increased, which resulted in a 13.2 lb increase in pig weight due to pens being stocked with 22 pigs compared to the pens loaded with 28 pigs. These data indicate that in this commercial barn, finisher pig ADG and ADFI was improved as stocking density was reduced.
The relationship between space allowed per pig (m 2 or ft 2 ) and weight in kg raised to the two-thirds power (BW 0.67 ) can be determined using a value defined as the k-value (m 2 = k × BW(kg) 0.67 ) (Whittemore 1998 4 ). After a review of published studies, Gonyou et al. (2006⁵) reported a range of k-values (range: 0.0335 to 0.0358 m 2 /BW 0.67 ) below which feed intake was reduced for pigs on either fully or partially slatted floors. Thus, representative value of 0.035 m 2 /BW 0.67 defines a critical limit below which feed intake is reduced due to inadequate space allowance per pig (Torrallardona and Roura, 2009 5 ).
According to the k-value calculations (Table 2) for each stocking density and average pig weight from the present trial, the negative effects on feed intake should have started as pigs reached average body weights of 218.1, 191.5, 169.9, and 152.1 lb for the 22, 24, 26, and 28 pigs per pen treatments, respectively. These weight limits were not reached, and similarly feed intake should not have decreased until after d 70 for the 22 pigs-perpen treatment, d 56 for the 24 pigs-per-pen treatment, and d 42 for both the 26 and 28 pigs-per-pen treatments. However, based on the feed consumption data recorded during this trial, after d 14, feed intake decreased linearly as stocking density increased.
The differences in trial performance compared with expected outcomes based on published responses may have been attributable to factors other than stocking density, which could have affected feed intake and subsequent growth rate. Potential influencing factors include feeder space or water access. Feeder space for the 22, 24, 26, and 28 pigs-per-pen treatment were as follows: 1.91, 1.75, 1.62, or 1.50 in. respectively, per pig. Though all pens were stocked at densities below manufacturer-recommended maximums for the feeder and waterer types, the feeder space was below that of other recommendations. It is unknown whether the amount of feeder space per pig or water access contributed to the negative effects on performance as the number of pigs per pen increased.
Regardless of potential other contributing factors, results of this trial indicate that growth rate and feed intake increased as stocking density per pen decreased. However, based on an economic model of these data (Table 3) , income over feed and facility cost per pig placed was numerically highest (quadratic; P = 0.64) when pens were stocked with 24 pigs. Therefore, in this commercial barn the negative effects on performance from higher stocking and reduction of space per pig could not be overcome by throughput alone. Similarly, numbers and weight of pigs when stocked at 22 pigs per pen were low enough that even the improvements in ADG, compared with pigs from higherstocked pens, could not overcome the increased facility cost per pig placed compared to stocking at higher densities. Therefore, these results indicate that ADFI and ADG of pigs linearly improved as stocking density was reduced from 28 to 22 pigs; however, income over feed and facility cost appeared to be numerically optimized when pens were stocked at 24 pigs per pen, allowing 7.5 ft 2 of floor space per pig. 
